Activity assays of mammalian thioredoxin and thioredoxin reductase: fluorescent disulfide substrates, mechanisms, and use with tissue samples.
Thioredoxin (Trx) is a protein disulfide reductase that, together with nicotinamide adenine dinucleotide phosphate (NADPH) and thioredoxin reductase (TrxR), controls oxidative stress or redox signaling via thiol redox control. Human cytosolic Trx1 has Cys32 and Cys35 as the active site and three additional cysteine residues (Cys62, Cys69, and Cys73), which by oxidation generates inactive Cys62 to Cys69 two-disulfide Trx. This, combined with TrxR with a broad substrate specificity, complicates assays of mammalian Trx and TrxR. We sought to understand the autoregulation of Trx and TrxR and to generate new methods for quantification of Trx and TrxR. We optimized the synthesis of two fluorescent substrates, di-eosin-glutathione disulfide (Di-E-GSSG) and fluorescein isothiocyanate-labeled insulin (FiTC-insulin), which displayed higher fluorescence on disulfide reduction. Di-E-GSSG showed a very large increase in fluorescence quantum yield but had a relatively low affinity for Trx and was also a weak direct substrate for TrxR, in contrast to GSSG. FiTC-insulin was used to develop highly sensitive assays for TrxR and Trx. Reproducible conditions were developed for reactivation of modified Trx, commonly present in frozen or oxidized samples. Trx in cell extracts and tissue samples, including plasma and serum, were subsequently analyzed, showing highly reproducible results and allowing measurement of trace amounts of Trx.